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ABSTRACT

i LA

Four procedures were used to estimate a -
criterion-referenced standard for a multiple-choice examination
developed by the National Board of Medical Examiners (NBME). Two
experimental procedures, the NBME method and a modification of the
Guerin method, and the Angoff and Ebel procedures were evaluated. on
the consistency of the estimates they y1elded the plaus1b1l1ty oi )
the failure rates, and the standard-setters' confidence in their -
judgments. The NBME and modified Guerin procedures yielded the most-
consistent and least consistent estimates, respectgvely. The failure
rates associated with the standards obtained using, these procedures
were "higher than _tkhe failure rate associated with the test's
norm-referenced Standard, but only the failure rate associated with
the modified Guerin procedure was obv1ously unacceptable. The
. standard-setters said it was d1ff1cult to judge the success rate of

"minimally knowledgeable examinees" with the test questions, but even
more difficult to make those judgments for the hypothetical
classifications of items used with the Ebel procedure. The est1mates
obtained using three of the procedures were relatively consistent and
the failure rates associated with them, although- higher than the rate
experienced with a nqrm referenced standard, were plausible.
(Author/PN) \ '
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estimates they yielded, the plausibility of the failure rates, and the
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ABSTRACT

4

The Angoff and Ebel procedures were used to estimate a criteriyn-referenced
standard on a written test. Two experimental procedures, the method and a
modification of the Guerin method, also were used to estimate a slandard for the

test. The four procedures were compared in terms of the consisf;;cy of the

standard-setters' confidence in their judgments.

*

The NBME and modified Guerin procedures yielded the most consistent and least

consistent estimates, respectively. The failure rates associated with the

st?ndafds Qb}ained using these procedﬁres were higher than the failure rate ~—
associated with the test's norm-referenced standard, but only the failure rate
associated with the modified Guerin procedure was obviously unacceﬁtable. Th?
standard-setters said it was difficult to judge the success rate of "minimally .

knowledgeable examinees" with the test questiaons, but even more difficult to
make, those judgments for the hypothetical classifications of jitems used with the

¥, a

Ebel procedure.

v

v

The findings were encouraging in several respects. The estimates obtained using
three of the procedures were relatively consistent and 'the failure rates
associated with them, although higher than the rate experienced with a norm

referenced standard, were plausible. Only the modified Guerin teéhnique yielded

S
~

an inconsistent estimate with an obviously unacceptable‘fLilure rate;'and those
findings may say' more about the modifications made to Guerin's procedure than

about the unaltered procedure. .
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A INTRODUCTION

Measurements are used to make decisions about individualsy
and in an educational setting they often are used to determine
whether an individual has achieved desired instructional goals.
If such decisions are to be valids the standard that is used must
be appropriate and acceptable as an indicator of "minimally
acceptable achievement."

Prior to the date when the National Board replaced its
. written essay examinations with langthy multiple choice testsy an
examination standard was set collactively by the examiners as
they graded the essay responseses The examiners applied their
personal standards for "minimally acceptable achievement%, and
the group’s standard represented a consensus of their personal
judgmentse With the introduction of its multiple . choice
examinationsye the National Board formally adopted a
. . norm-referenced standard that resulted in a failure rate similar
to the one experienced when individual examiners applied their
criterion-referenced standards to the grading of essay responsese.

Setting a norm-referenced standard at a specified Jlevel in
the distribution of test scores for a well-defined group of
examinees requires- judgments that are different from those needed
to set a criterion-referenced standard. Norm-referenced
standards require judgments about  the definition of an
appropriate reference group and tae percentage of examinees in
that group whose achievement is  not likely to be "minimally
acceptable«" The emphasis is on the reference group and only
indirectly on the knowledge that represents "minimally acceptable
, achievement." :

Criterion-referenced standardss on the other handy are based
on judgments about what examinees whose achievement -is "minimally
acceptable” actually know of the content domain in which they are
being examineds These judgments are expressed with respect to
the content of items developed to assess that domaine

Regardless of the judgments on which a standard is basedy it
is useful to distinguish between the tasks of estimating the
standard for a content domain and selecting the cutting score for
an examination developed to measure knowledge of that domain. In
this author's opiniony estimates- of an examination standard

. lCharles Fe Schumacher and Benjamin D. Wright provided
invaluable assistances guidance and insight throughout the
project and are co-authors of the report submitted to the NBME.
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should be based on one consideration only: the ‘tevel of
achievement that is "minimally acceptable" or stated differently,
what "minimally know)ledgeable examinees" or "MKEs" actually know
of the content domaine Selecting a cutting scorav however
involves consideration of the estimated standard - and its
plausibility as well as the educational and societal impact of
the cutting score and the likelihood of erroneous decisions and

their consequences for the examinees and for societye (Millmany
1973) i

Estimating a criterion-referenced standardy from a
psychometric perspectivey requires a procedure that .will

translate the standard-setters' judgments about what "MKEs" know
into test scorese Since many procedures for estimating such a
standard have been described in the psychometric literaturey the
choice of procedure is a decision that may influence the estimate
of the standarde This investigation was conducted to provide
infdrmation that could help an examining agency choose among four
standard setting procedures involving judgments about ‘test
questionse ) .

The four procedures were evaludted using the estimates they
yielded of the examination standarde The evaluation focused on
the consistency of the estimated standards as indicated by their
standard errorsy the plausibility of .the failure rates associated
with the estimatesy the accuracy of the judgments on which the
estimates were basedy and the confidence and ease with which
‘ standard-setters and psychometricians could use the procedures
with on-going examination programse

REVIEW OF NBYFE RESEARCH

The National Board is very mnuch Jaware of the continuing
discussion in the psychometric literature regarding the issue of
standard setting in general .and the merits of normative and
criterion standards in particulare During the past decade it has
supportedy either by itself or in cooperation with its <client
organizationsy numerous research studies comparing the use of
norm- and criterion-referenced standard setting procedurese.

Andrew and Hecht (1976) found that the method described by
Nedelsky (1954) yielded a much lower standard for a nationally
administered certifying examination in the health professions
tham the method described by Ebel (1972). Gueriny Burge and
Vaughan (1978) reported that the standards for two recertifying
examinations obtained using a modified Nedelsky technique were

similar to the norm-referenced standards set. for those
examinationse Gueriny Butzin and Schumacher (1982) investigated
a new procedure and found that it yielded an acceptable

criterion-referenced standard for a recertifying examination that
was not too different from the standard that would have been
obtained had the modi fied Nedelsky method been used. They also
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reported that different groups of standard-setters made similar
judgmentsy. @ finding reported by aAndrew and Hecht too. Hughes
(1981) described another method that produced increased agreement
amonq the standard-setters about the choice of  a
criterion-referenced standard each time they revised their
previous judgments on the basis of new feedback informatione
"Howevery the :estimate of the standard tended to fluctuates rather
than convergey after three iterations with the procedure and it
differed from the normative standard set for tests somolar to the
prototype examination used in the studye

The results of these studies are encouraging since they
suggest that appropriate -and acceptable criterion-referenced
standards can be sete. HoOwevers tnhey also suggest that the choice

of method may affect the criterion-referenced standard that s,

set. Thereforey setting a criterion-referenced standard not only
requires a decision by the examining agency about who the

standard-setters will bey it also involves the: choice "of a
psychometric procedure to translate their judgments about
"minimally acceptable achievement” into a test score. The
current study was conducted to obtain information the National

Board could use to guide its choice of a criterion-referenced
standard setting procedures should the Board decide to alter its
present approach to standard settinge

STANDARD SETTING PROCEDURES

/ \
The methods described by Ebel (1972)s Guerin et ale (1982)
and Hughes (1981) were the subject of previous NBME studies and

a1so were investigated in this studye. The Angoff procedure
(1971) was included in this study rather than the Nedelsky
technique (1954) because it does not constraén the

standard-setters’ judgments by the number of choices examinees
have when responding to an iteme

~

The Angoff and Ebel methods use only the standard-setters’
judgments about the content of the test items to estimate the
standarde The Guerin procedure and the procedure described by
.Hughesy hereafter referred to as the NBME progedurey wuse the
standard-setters' judgments and psychometric data obtained from a
Rasch item calibration to estimate the standard (Raschy 19603
Wrightey 1968 and 1977; Wright and Stoney 1979)e The calibrated
item difficulties are independent of the examinees whose
responses$ were used to conduct tha calibration and of the sample
of items drawn from the item pool to construct the particular
examinatione Thereforeey it s not necessary to await the
calibration Jf the current form of the examination before
commencing the standard-setting activitiesy since judgments about
pool items that have been praviously calibrated to the
examination scale can be used to estimate the standarde. Nei ther
is it necessary to use pool itens that are included in the
current form of the examination «hen estimating the standard,




although it may be desirable. to do soOe

- The standard-setters were 'selected for their expertise in
one of the six clinical science disciplines comprising the test;
thereforey they only made judgments about the items in their
clinical science subtest Restricting the standard-setters’'
judgments to items in thei'clini:al discipline was facilitated
by the Rasch item calibration which estimated the difficulty of

* _all items on a common scalee. Th2 NBME and Guerin procedures
yielded an estimate of each standard-setter's personal standard

¢ on the total test because all iten difficulties were calibrated
to the same scalee. The Angoff anid Ebel procedures yielded an
eéstimate of each personal standard on the discipline subtesty and

Rasch procedures were used to equate the subtest score to a score

on the total test.

_»-%he Angoff method requires each standard-setter to judge the
MRES' success rate with every item in his or her clinical science

subteste The success rate is the judge's estimate of the .
proportion of MKEs answering the. item correctlye The sum of
"these success rates over all itezms in the subtest is -the
"standard-setters’ estimate of tne MKEs' subtest scoree. The

. eguivalent score on the total test is an estimate of the

standard- setter s personal standar de
. . »

The NBME procedure uses the same judgments about the MKEs"
success rate in conjunction with the calibrated difficulty of the
items to estimate the standard-setter's personal standarde This a
is done using the Rasch model which postulates that the
probability of a correct response to a test .aitem (P) is a
function of ¢the examinee's knowledge (b) and the item's ’
difficulty (d)e The model hypothesizes that for every test item
(ob-d) = log{(P/(1=-P))e The NBME procedure regresses the
calibrated item difficulty on the logarithmic transformation of
the MKEs' success rate. The regression line intercepts. the
difficulty axis at the point on tne log-odds axis where (b-d) =
Oe Since b = d at this pointe the intercept (d) is an estimate
of the MKEs' knowledge (b) as measured on the calibration scale.
The total test score equivalent to this measurement is the
estimate .of the standard-setter's personal standard. ' (See Figure
1 for an illustration of this methdd.)

The Guerin procedure uses the calibrated difficulty of the
test items and the standard-setters' judgments about the
relevance of the items®' content to estimate ¢their personal
standards. Each standard-setter rates the items in his or her
clinical science subtest as Essentialy Importanty Acceptable or
Questionables but only the items judged to be Essential are used
to estimate the personal standard. The Rasch model estimates
item difficulty and examinee achievement on the same measurement
scaley and the Guerin procedure defines the point on that
calibration scale occupied by the most difficult of the Essential
items as the MKEs®' achievement TUleveles The total test score
equivalent to that measurement is the standard-setter’s personal

e
|
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standard. (See Figure 2 for an illustration of this procedure.)

" The Ebel method uses judgments about the MKEs® success rate

with hypothetical item-types characterized by relevance and
difficulty to estimate the standard-setters® personal standardse.
Four categories of item relevance (Essentialy Importantys

Acceptable and Questionable) and item difficulty (Easysy On The
Easy Sidey On The Hard Side and Hard) are defined. The
standard-setter first judges the MKEs®' success rate with each of
the 16 hypothetical item—types{ then classifies every item in the
clinical science subtest accordiny to his or her perception of
its relevance and difficultye The success rate for a category is
-used as the MKEs®' probability of success with every item
classified 'n the categoryy and "minimally acceptable
achievement® on the subtest is estimated by’ summing the
probabilities over all the items. The equivalent. score on the
total test is the estimate of the standard-setter's personal
standard. “

COLLECTING THE STANDARD-SETTERS® JUDGMENTS

A recent National Board Part Il Examination was used to
estimate a criterion-referenced standard for the content domain
the test was developed to assesSe It contained 862 multiple
choice items that were used to obtain a total test scoree. These
items were distributed in roughly equal numbers to the Internal
Mediciney Surgeryys Obstetric/Gynecologys Preventive
Medicine/Public Healths Pediatricss and Psychiatry subtestse. The
National Board evaluates its candidates in each clinical science
discipliney but it uses a single score for the total test to
determine whether an examinee's achievement is "minimally
acceptablee" Therefore, 4 criterion-referenced standard was
estimated for the total test using each of the psychometric
procedures being investigated.

To do this a panel of standard-setters was formed consisting
of twelve ,medical educators with >ravious experience as members
of the National Board's Part II Test Committeese. The standard
setters were chosen for their recognized expertise in one of the
clinical science disciplines assessed by the examination and for
their experience in writing items fory and in constructings Part
I Fxaminationse There were two standard-setters for each
clinical science discipline.

The twelve standard-setters met in Philadelphia for a
two-1day orientation meetinge. Before the meeting they were sent
an overview of the studys information about the various judgments
they would be asked to makey and o small sample of items in their
clinical science disciplinee. Two Qroups of examinees were
defined for them: MKEs and TUSMGs whose knowledge is “typical of
graduates of JS medical schools"e MKEs were defined as




“"eee individuals who have just been awarded the MD
degree by a .US medical school and whose 1level of
medical knowledge is the minimum acceptable for safe
and effective medical practicey under -supervisiony at
the beginning of residency training." C :

. ’ Lo .
TUSMGs were described as typical gradua%gs of US medical schools
who have attained "
".ee a level of medical knowl edge beyond the minimum
acceptable for safe and effective Qﬁf}tal practice
under supervisiones"

The standard-setters were instructed to review the sample of
items sent to them and to make the judgments needed to estimate
the MKEs' and the TUSMGs' achievement on the item sample wusing
each procedure being investigated. They completed this
"instructional exercise” before coming to the meeting and it
served as the basis for a brief training session during the
meet inge .

Following the meeting and acting independently of one
anothers the standard-setters were asked to review every item .in
their .clinical science discipline and make the following
judgments in the order indicated: (1) specify gthe success rate
for MKEs and for TUSMGs with each of the hypotifetical item—-types
characterized by relevance and difficultyy (2) classify each item
according to their perception of its relevance and difficultyy
(3) specify the success rate for MKEs and for TUSMGs with each of
the itemse The appropriate judgments were used with each
praocedure to obtain the standard-setter's estimate of the MKEs'
and\the TUSMGs® score on the total test.

The average of the standard-setters' personal standards was
the estimate of the yroup's examination standarde. The
consistency of the group's estimate was expressed as a standard
errors calculated by dividing tae standard deviation of the
personal standards by the square root of the number of
standard-setterse. An estimate of . the qroup’s examination
‘standard was obtained in this manher using the personal standards
estimated with each of the procedures being studied.

[

PRESENTATION 2F .THE DATA

Estimates of the standard-setters® personal standards and
the group®s examination standard are reported as perc€ent scores
rather than in the standard score metric used by the National
Board. This type of score often is used when
criterion-referenced standards ar2 peing considered because by
implication it associates‘the standard with a mastery level of
the content domaine




Consistency of the Estimated Examination Standards
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The NBME procedure yielded the most consistent of the
estimates (see Table 1) with a standard error of le8 percent
score unitse The Guerin procedur2 yielded the least consistent
estimates the standard error beiny 3.3 score unitse Both the
Angoff and the Ebel procedures yielded estimates with a standard
error of 25 unitse "o

The consistency of these estimates was improved by computing
the examination standard as tie average of the standards
estimated for the clinical_science disciplinese (See Table 2.)
The averayge of the personal standards for judges with expertise
in the same clinical science was used as the standard for that
disciplines When the examination standard was computed in this
manners: the standard error was le2 using the NBME procedure, and
2.0y le89y and 3.2 respectively using the Ebely Angoff and Guerin
procedurese This finding indicates that the variability within
disciplines was greater than the variaflility between disciplines
and suggests that differences among the standard-setters are
individual differences unrelated to the <clinical discipline in
which they are experte.

Plausibility of the Estimated Examination Standards

o - o - ———— . —— —— - ——— " > O " " —— o —— —_——— — — Y e " ——— ————
® ~

Plausibility was assessed in two waySe Onea involved a
comparison of the failure rates tnat would have occurred had each
of the criterion-referenced standards been used with the failure
rate that did nccur when the norm-referenced standard was usede

The other involved an evaluation of the accuracy of the
standard-setters' judgments about success rates with individual
itemse

The National Board reference group only contains examinees
who are in their final year at a JS medical schooly are taking
the Part Il Examination for the first times and are candidates
for NBME certificationa Because nedical educators have accepted
a failure rate of 2.4% in this group for many yearss the
norm-referenced standard has been considered a sensible onees The
standard estimated using the Guerin procedure (see Table 3) would
have resulted in an B85.5% failure rate in the reference groups
which clearly would be wunacceptablee. The standards estimated
using the NBMEs Ebel and Angoff procedures all had failure rates
higher than 2.4%; howevers their respective failure rates (3.5%»
6.0% and 8¢3%) did not differ too greatly from the normative
failure rate and might be considered acceptable.

It was not possible to assess the accuracy of the
standard-setters®' judgments about the MKEs' success rate with
individual test items because p-values could not be determined
for examinees whose achievement was "minimally acceptableo" It
was possibles howevery to compare their ,judgments about the
TUSMGs® success rate with item p-values based on the responses of
the National doard reference group and to compare estimates of

10
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the TUSMGs' average score with the. averade .score’ for the
reference groupe These comparisons provided information (see
Tables 4-5) that was used to evaluate the plausibility of the
standard-setters® judgmentse. )

In generaly the difference between the standard-setters'
TUSMG judygments and the reference group p-values did not exceed
10 for about 40% of the items in their clinical disciplinee.
Howevers it exceeded 15 for about 45% of those items. (See Table
4«) The average difference for eight standard-setters was
positive and indicated a tendency to overestimate the TUSMGs'
successe For three of them the overestimate was relatively
extreme as shown by an average dif ference exceeding ¢10. Only
two standard-setters tended to underestimate the TUSMGs' successy
but neither did by very muche Bezause almost one-half of the
standard-setters® TUSMG judgments were inaccuratey there s
reason to question the accuracy of their MKE judgmentse.

Two oOof the three standard-setters whose tendency to
overestimate TUSMG success was relatively extreme (MED2 and
PMPH2) also had personal standards that were much higher than the
estimate for the graupe Both judjes who tefrded to underestimate
the TUSMGs' success (PMPHl and PEDS2) had personal standards that
were much lower than the group est imate. Because judges whoge
TUSMG judyments tended to be inaccurate wusually had personal
standards that were extremesy ther2 may be reason to question the
accuracy of their personhd1 standards as estimates of the
examination standarde .

The NBMEs Ebels and Angoff procedures were used to estimate
the average score for the group of TUSMGs. (See Table 5.) The
Guer i procedure was not used because it only defined a rule for
determining tne achievement level of { MKEse. The average score
achieved by the National Board reference ygroup  was \65.42. The
estimate of the TUSMGs®' achievement was 60e1X% using the NBMF
procedures 65.1% using Ebel's procedure and 69.3% using the
Angoff methode The accuracy of the estimate obtained using the
Ebel procedure suyggests that grouding items may help improve the
accuracy with which the examination standard is estimated. The
estimates of the TUSMGs' average score were more consistent -than
the estimates of the MKEs®' score bossibly because the judges are
more familiar with typical medical students and their level of
achievemente. '

1

Feasibility of Implementing the Procedures

——— . — ————— T —— —— T ———— o> -— - o —————

Different procedures use different judgments to estimate the
examination  standar de Thereforey the opinions of the
standard-setters regarding the conparative ease of making those
judgments and their confidence in them were used to help evaluate
“the feasibility of using the standard-setting procedures with
operational examination programse.

In generaly the standard-setters said it was easy to
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classify test items according to their perceptions of the
relevance and difficulty of the content, as required by the Ebel
procadurey but relatively difficult to judge success rates with
hypothetical item—-t ypes characterized by relevance and
difficultye Most wer'e not sure how changes in relevance or the
interaction between relevance and difficulty should affect ¢their
judgments about the MKEs' success ratee. Thereforey they were
uncertain of their judgments ands by inferences lacked confidence .
in the estimate of their personal standard based on those
judgmentse. : ‘
X

. The standard-setters also sa1d it was difficult to judge the
MKEs® success rate with actual items as required by the Angoff
and NBME procedures. Howevery tha2y thought it -was easier with
actual stems than with hypothetical item-types because they were
tangible and could be examined both for content and formate Only
one said it was easser to judge success rates ,for hypothetical
item-types dnd gave as a reason the conceptual standardization N
imposed by the relevance ond difficulty characterizationse

-

information about the items on w~hich they were basing their
judgmentse. They wanted referience points to "keep them "eeein

\

The standard-setters expressed the desire for concrete :

touch with realitye" Although _p-values for the items were
available based on the responses of examinees in the National .
Board reference groupy they were not made known to the

standard-setters for fear that suzh information might bias their
judgments about the MKEs® success ratese

The standard-setters® opinions suggest that it would not be ,
feasible to use the Fbel procedure to estimate the standard for
operational examination programse Psychometricians are likely to
concur i1n that opinion since the 2xtra effort required of the
standard-setters and psychometricians when using Ebel's procedure
did not yield an estimate that was more consistent or plausibles
The other procedures require only one judgments not three, and

presented no prgblems either to the standard-setters or
psychometricians that would detract from the feasibility of using
them with on-j0i1Ng examnation programse -~

DISCUSS ION

The estimate of the examination standard obtained using the )
NBME procedure was the most consistent of the foure. It was less
sensitive to aberrant judgments 3about individual items -- Tow

success rates for easy items or high success rates for hard ones
-- because i1t fits a regression line through the mean “difficulty
of i1tems judged to have the same success rate rather than giving
equal weight to every judgment of an MKEs® success rate as 15 the

case with the Angoff anb Ebel procedurese. In this way it
diminishes the impact of aberrant judgments on the estimation of
the personal standarde. Thusey the error inherent in the

1.
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estimation of the examination .standard s reduced andy to ‘a
greater degree than with other proceduress that. error reflects -
+ actual differences- among the - persopal  standards of - the
‘4  stgndard-setters rather than inconsistencies associated ‘with - -
vthgTF‘estimation." ' , - T ’ ' -

-

4 ¢

Only the  Guerin ‘procedure yielded an estimate of the
exami'nation standard that obvipusly was not plausible since a*
faillire rate of 85.5% in the National Board reference group
clearly would not '‘be acceptables Although the present study used
only single word definitions to distinquish among:four degrees of ‘

.* relevance and Guerin provided his standard-setters with detaileéd e
descriptions of ‘five degrees of relevancey it seems more
reasonable to explain this findiny in terms of "the . psychometric
differences @ between, the Part II  Examination and: “ithe B

. recertification examinations Gderin ‘and. his colleagues worked
withe A typical recertification examination is likely to contain
a larger percentage of relatively easy items than would be found :
-in”"a National Board examihation; therefores the most difficult of | L
the -highly relevant items ispmore likely to be easier relative to I
the calibration scale of the recertification examination than the - c
'Part Il Examination. JThis tendency probably. was encouraged by’ "'1
Guerin's description of highly® ralevant .items which suggested _
that they are likely to’ assess content - most examinees knowe : -
Consequentlyy in Guerin's studjes the most relevant items tended = .
to be the easiest onesy resulting in the ‘examination standards Y,
for the recertification examinations befhg set at a lower . W
: achievement level than those for thz Part Il Examinatione o .
1
|
|
1
|
1
|
\

The data concerning the feasibility of implementing the
standard setting procedures were a mixture of opinions. The
standard-setters found it easier to  judge "the relevance of
individual test items than the MKEs®' success rate with those
itemsy and they were less confident about judging the MKEs'
success rate with hypothetical item-types than with _actual test
items+* Howevery the Ebel procedure which requires judgments of .
item relequ:f and di fficulty and of success rates with groups of
hypotheticaT~item-types yielded tne most accurate estimate of the
average score for .'the National Board reference groupe This
occurred even though the standard-setters said A they were
uncertain about the impact of _changes in- ite relevance and
difficulty on their judgments about success ratés and suggests .
that it may be more efficacious for standard-segtters to .judge .
success rates for groups of items with dogﬂpﬁiﬁﬁharacteristics
than' for individual itQng. : ' < L ]

"It was not an objective of this study to -determine which ;
criterion-referenced procedures yielded estimatés that closely
approximated the norm-referenced standard used by the National. |
Boards but the similarity between the normative standard .and |
three of the estimates requires comment. The :standard-setters ) i
used in this study were not involved in the process by which the a
National Board determined its norm-referenced standard’ and -the‘ ‘
judgments they expressed in this study were different from the . ‘

- o
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judgments ueed to determine that standarde There?oreo the fact
that the normative standard is <:closely approximated by three

estamates of the criterion-referenced standard suggests thats in
the judgment of this group of standard settersy it too may be 'a
reasonable estimate of a criterion-referenced standard

representing "minimally acceptable achievement." y
+ : - .

. ' SUMMARY s CONCLUSIONSs AND RECOMMENDATIONS

Four prooedures were used to estcmate a criterion- referenced

standard. for a,'multaple~cho.ce examination developed by the

National Board of Medical Examninerse :The procedures. were
evaluated on the basus of their consistencys plausibilitys and
feascbulcty. ’ .

'
/ \

The NBME procedure yielded the most consistenty and the
Guerin procedure " the least consistenty estimate of the

examination standarde . The consistency of all the estimates

increased when the examination standard was computed as the
aver age of discipline standards rather than personal standardse

Only the Guerin procedure yielded an estimate of the
examination standard that clearly was not plausible since 85.5%
of the NBME reference group would have failed had it been used.
The outcome's associated with the other estimates could be
considered plausible since they did not differ greatly from the
2¢4% failure rate experienced with the normative standarde.

A}

There is reason to doubt the  accuracy of the
standard-setters*® judgments about the MKEs® success—-rates with
individual items ' since their judgments about the reference

group's success rates were inaccurate for roughly 45% of the
items. This raises questions about the validity of the standard
estimated using those judgmantsy, especially since
standard-setters who made the least accurate judgments about the
TUSMGs ' ‘success rate also had personal rstandards that were
extremees These fundungs and a desire for information about the
items® performance suggest the need to provide some guidance to
the standard-setters as they judge the MKEs' success rate with
test quest-ons.

The Angoffs Guerin .and NBME procedures were considered

féeasible for use in estimating the standard with operational’

examination programs because they presented no unusual’ problems
either to the standard-setters or the psychometricianse The Ebel
procedure was not considered feasibley because - the

standard-setters® found it difficult and confusing to judge

success rates for hypothetical item-types characterized by’

varying degrees of relevance and Jifficulty« .Howevery there was
some evidence to suggest that making judgments about groups of
items rather than individual items may be advantageous.

. | 14
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&

Based on these findings it is recommended that the NBME

- procedure continue to be investigitede It appeared to be more
promising than the other methods investigateds and the findings

of this study suggest that several modifications may enhance its
attractiveness  as a procedure = for estimating a
criterion-referenced standardeo '

One modificahion' would estimate the . stanbard-setters'ﬁ

personal standards .using only those items for which their
judgment of the TUSMGs®' success rate was a reasonably ccurate
estimate of the reference group's p-valuee. Another would have
the standard-setters judge the MKEs®' success rate 'with clusters
of highly relevant items of varyiag difficulty rather than .with
individual itemsy thereby retaining the more desirable features
of the Ebe) procedure while eliminating the potential for
confusion arising from the wus2 of items that in the
standard-setter’'s judgment are not relevante. A third
modification would provide the standard-setters the opportunity
to review their previous judgments in the light of'feedback about
the MKEs' success raté implied by the current estimate of their
personal standard and the group's examination standarde.

LY

These modifications could yield more consistent estimates of.

the judges' personal standards and of the group's examination
standarde Furthermorey the use of feedback could provide {he
standard-setters with a mechanism for refining the estimate of
their personal standards and for approaching consensus about the
examination standard . in - an atmosphere of reasoned and
deliberative judgment devoid of heated argument and advocacye
Studies involving these modifications have been planned. -

L 4
-
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~ | FIGURE 1

S
. %n\l}lustration of the NBME Procedure
I

-~

N P = exp(b-d)/[1 + exp(b-d)] N
(b-d) = log [P/(1-P)]

Regress d on log [P/(1-P)]-

Then, the ‘intercept occurs at (b-d) = 0 (i.e., where b = d)

A | , 15
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FIGURE 2 e

- .
An Illustration of the Guerin Procedure
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TABLE 1 ' 2

ESTIMATES OF PERSONAL STANDARDS AND THE EXAMINATION STANDARD

.

Standard- .. ~~-%----Stanaard_Setting"Procedure-------+-

Setters ‘ _ NBME Ebel Angoff Guerin
A (MED1) 5046 . 4846 50e4 5Te7
B (MED2) 6140 5449 66e1 . B4a1
C (SURGL) 5246 1 5943 6046 78.0
D (SURG2) 5le7 5646 567 83.1
o E (0BGYNL) 581 66e1 653 8546
F (OBGYN2) 5342 57.9 5345 8545
G (PMPHI) ' ) 4le1 365 . 41«5 69.3
H:!PMPHZ) ) 6540 7061 69.3 S6el
I (PEDSL) 50.8 4448 51e8 83.4
~J (PEDS2) | 4343 472 ~ 4044 6346
K (PSYCHl) 50el - 5246 5246 7641
L (PSYCH2) 508 560 5646 5543
 GROUP |
Standard ‘;5204 542 . 5504 7362
SD y " 604 808 ' 807 . 1106
Stqo Error A  le8 25 '295 3.3
Standard — 2 SE 488 49.2 50e4 . 6646
560 592 v 60e4 79.8

Standard + 2 SE




 TABLE 2

ESTIMATES OF THE DISCIPLINE STANDARDS AND THE EXAMINATION STANDARD

: v--,-—----Stand ard Setting Procedure--————=-
Discipline ' NBME ~ Ebel Angoff ~———Guerin
Med . 55.8 51.@ 583 709
. ‘ i
Surg. - 5242 58.0 58.7 80.6
Ob/Gyn 5547 6240 59 o4 85e6
PMPH ~ 53.1 . 5343 5544 6247
Peds 47e1 " 4640 4641 7345
Psych 5045 15443 5446 657
GROUP '
Standard 5244 542 554 T3e2
SO 3.0 50 465 Te9
Stde Error le2 2.0 ™ le8 3.2
. . ) I
Standard - 2 SE 50.0 . - 502 51.8 66.8
Standard ¢+ 2 SE 54.8 5842 59.0 796,
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TABLE 3

FAILURE RATES ASSOCIATED WITH ESTIMATES OF THE

Estimated
Standard

Reference Group
Failure Rate

Nor m—
Referenced
Estimate

5045

2e4%
(n=113)

EXAMINATION STANDARD

W
Criterion-Referenced Estimate

- D A . D D D YD WD WD WD WD TR, P WD . W T D D -

I

NBME Ebel

5204 ” 5462

3.5% 6.0%

(n=169) “(n=289)
{

U

5564

8e3%
(n=400)

o

85.8%
(n=4113)




) ) TABLE 4 -
. g [
DIFFERENCE BETWEEN TUSMG JUDGMENT AND REFERENCE GROUP P-VALUE

Magni tude of the Jifference , '\-

Less than or Between Greater than -

Equal to.1l0 11 and 15 . 15 Mean Difference®
Standard- | =--eec-=c--- -—  ememceeee- e eme e essccssesssesees
Setters " n % n % n % TUSMG - P-Value
A (MED1) 56 39% 25 18% 62 43% _ 00
B (MED2) 53  37% 22 15% 69  4B% 11

"C .(SURG1) 57 40% . 20 14% 65 46% 00 )

D (SURG2) 57 40% 18 13% « 67 47% .- ' 13
E (OBGYN1) 54  39% 21 15% - .63 46% 06
F (OBGYNZ2) 55 41% 19 14% 61 45% (o §
G (PMPH1) 52 35% 27 18% 69 4T% -06 -
H (PMPH2) 71 48% 22 ' 15% 55 31% ' - 11
1 (PEDS1) 61 40% 19 14% 69 4e% 03
J (PEDS2) 57 39% 16 10% 16 51% -07
K (PSYCH1) 63 45% 26 19% 51 36% 04
L (PSYCH2) 60 43% 17 12% 63 45% , 02

%A negative difference indicates that the standard-setter underestimated the
TUSMGs® success rate and a positive difference indicates that the standard-
setter overestimated the TUSMGs®' success ratee. '




ESTIMATES OF
IN THE NATIONAL
(Average = 65.4%;

Standard-
Setterg

Rl

(MED1)
(MED2)

A
B

€ (SURGL)
0 (SURG2)

E (OBGYN1)
F (QBGYNZ2)

G (PMPHL1)
"H (PMPH2)

(PEDSL.)
(PEDS2)

C =

(PSYCH1)
(PSYCH2)

- =X

Group Average

(Percentile Rank) (
SD

Stnde Error

Average - 2 SE -
Average ¢+ 2 SE |

TABLE 5

THE AVERAGE SCORE
BOARD REFERENCE GROUP
Percentile Rank = 49th)

Estimalidn Procedure

NBME Ebel Angoff
6046 5949 6545
6547 72.3 1642
5440 70.5 65.5
61.0 75.1 78.4
60e4 6842 71.7
60.8 7041 72.3
57«6 . 5442 59.7
71.5 (No Data) 17.4

‘5Te7 571 6842
625 69.4 70.0
5449 61e5 6Te3
60.1 65.1 69.3
21st) (48th) (70th)

4.8 6.8 6.l

le4 20 1.8
573 61lel 657
6249 69.1 729

<>




